The adhesion of Salmonella (S.) strains to stainless steel and polyethylene and their inactivation by biocides used in food industry was investigated. Coupons of stainless steel and polyethylene were immersed in bacterial suspensions of S. Enteritidis, S. Typhimurium, and S. Bredeney during 15, 30, and 60 minutes, and submitted to different concentrations of peracetic acid (PAA), sodium hypochlorite (NaOCl), and quaternary ammonium (Quat) sanitizers. Hydrophobicity of the surfaces was evaluated by contact angle measurements using the sessile drop method and bacterial adhesion was accompanied through bacterial counts and scanning electron microscopy (SEM). Results indicated that the three serovars of Salmonella presented similar adhesion to both materials (5.0 to 6.5 log cfu cm -2 ). The time of exposure did not influence the counts of adhered cells on both surfaces, however SEM revealed larger clusters of S.
Salmonella on steel and polyethylene foodborne pathogen are still unclear, and could be related to its adhesion capacity or resistance to usual sanitizers.
Bacterial adhesion is influenced by the type of surface and its topography, considering that abrasive surfaces are more susceptible to dirt accumulation and are more difficult to clean than smoother surfaces (7, 9, 17) . Other factors such as hydrophobicity, chemical composition and the presence of proteins on the surfaces can also result in different levels of bacterial adherence (4, 11, 27) .
Stainless steel and polyethylene have been largely employed in equipments and utensils for food production, due to their resistance, durability, and easiness in the cleaning process and disinfection. However, the sanitation procedures applied on such surfaces could be not completely effective, since effectiveness depends on the type of adhered microorganisms and the properties of these surfaces (2) . The choice of adequate sanitizers is very important, and must be preceded of a detailed analysis, such as its the official authorization of use, toxicity, corrosive action, residual effect in the food, environmental impact and cost (26) . Peracetic acid, sodium hypochlorite and quaternary ammonium are some chemical agents that fulfill these characteristics (18) .
In Brazil, sodium hypochlorite (NaOCl) has been widely used in home and food establishments, due to its efficiency against many microorganisms and accessible cost (24).
Peracetic acid (PAA) has also been frequently used, since it is very efficient to remove biofilms and causes lower environmental impact (10, 17, 26) . The use of quaternary ammonium (Quat) compounds is also very common, due to their antimicrobial properties, low toxicity and effectiveness for surfaces disinfection (18) .
The aim of this work was to evaluate the adhesion of Salmonella strains, involved or not with salmonellosis, to stainless steel and polyethylene and also to investigate the ability of NaOCl , PAA and Quat to disinfect these materials.
MATERIALS AND METHODS

Bacterial strains
Strains of Salmonella enterica of three different serovars were used in this study. S. Enteritidis strain (SE86) was isolated from cabbage involved in a salmonellosis outbreak occurred in Rio Grande do Sul (RS), in 1999. This microorganism presents the same genotypic pattern of S.
Enteritidis strains involved in more than 90% of the outbreaks of salmonellosis occurred in the period between 1999 and 2002, in RS (8, 21) . S. Typhimurium and S. Bredeney strains were chosen because they were isolated in RS State in 1999, from a pig fecal sample and from a fermented meat sample, respectively, and these Salmonella serovars rarely were involved in foodborne diseases in RS in the last years (21) . The strains were stored at -18ºC in 50% (v/v) glycerol. They were activated by transferring 20 µl of stock culture to 3 ml of Brain Heart Infusion (BHI) (Biobras, Belo Horizonte, Brazil).
Working cultures were kept at 4º C on Nutrient Agar (NA) (Merck, Darmstadt, Germany) plates, and before use they were transferred to Nutrient Broth (NB) (Synth, São Paulo, Brazil) and incubated for 24 h at 37º C. Salmonella on steel and polyethylene the poorly adhered cells. The stainless steel coupons were immersed in 10 ml of PBS, while the polyethylene coupons were immersed in 15 ml of PBS before sonication process.
Each coupon was submitted to sonication in a bath sonicator (UNIQUE USC 700) with frequency of 40 KHz, for 2 periods of 10 min, for the release of adhered cells. During sonication, the temperature of PBS was monitored with a Thermometer (AKSO MULTI-Thermometer AKTD 3429) and it not exceeded 40 o C, avoiding thermal injury to Salmonella cells.
PBS containing each sonicated coupons were submitted to decimal dilutions and 20 µl of each dilution were plated in NA, as described by Milles and Misra (19) . The plates were incubated for 18 hours at 37° C and the numbers of cfu cm -2 were determined. All counts were made in triplicate and each experiment was repeated twice.
Hydrophobicity evaluation
Hydrophobicity was evaluated by the sessile drop method higher hidrophobicity (28) . All measurements were performed at room temperature.
Scanning electron microscopy
Scanning electron microscopy was carried out to evaluate bacterial adhesion to stainless steel and polyethylene. 
Resistance of adhered cells to sanitizers
The stainless steel and polyethylene coupons were 
Statistical analysis
Data were subjected to variance analysis (ANOVA) and
Tukey's test to detect significant differences Differences were considered significant when P<0.05. Salmonella on steel and polyethylene
RESULTS
Evaluation of the adhesion capability
The three serovars of Salmonella presented similar adhered cell counts, ranging from 5.27 to 5.89 log cfu cm -2 , on stainless steel, and from 4.8 to 6.45 log cfu cm -2 , on polyethylene ( Table 1 ). The time of exposure did not influence (P<0.05) the counts of adhered cells on both surfaces. S.
Bredeney adhered better to polyethylene, whereas S. 
Enteritidis on stainless steel (C) and on polyethylene (D). Salmonella on steel and polyethylene
Hydrophobicity evaluation
The drop contact angle measurements on polyethylene surfaces were higher than those observed on stainless steel (Table 2 and Figure 5 ), indicating that polyethylene was more hydrophobic than stainless steel. Bredeney showed higher drop angles on polyethylene ( Table   2 ).
The three Salmonella serovars presented similar drop angle measurements on stainless steel. In contrast, the same result was not observed for polyethylene, once the drop angle measurement for S. Enteritidis culture was statistically different from the other two serovars (P < 0.05). 
A B Salmonella on steel and polyethylene
Resistance of adhered cells to sanitizers
The survival of the three Salmonella serovars to PAA is shown in Fig. 2 and Table 3 . S. Bredeney, S. Typhimurium, and S. Enteritidis were the most resistant to disinfection when adhered to polyethylene, under all concentrations of PAA tested ( Fig. 2A, 2B, and 2C ). The use of PAA at 750 and 1500 mg kg -1 caused a significant reduction in the counts of S.
Bredeney and S. Enteritidis on stainless steel when compared to polyethylene (P<0.05). The reductions rates varied approximately of 2.4 to 3.3 log cm -2 , on polyethylene, and of 2.5 to 4.0 log cm -2 , on stainless steel.
The survival of the three Salmonella serovars adhered to polyethylene and stainless steel after treatment with different concentrations of NaOCl is illustrated in Fig. 3 and Table 3 . S.
Bredeney (Fig. 3A) and S. Typhimurium (Fig. 3B) showed similar resistance to NaOCl when adhered to polyethylene or stainless steel, under all NaOCl concentrations tested.
However, the final counts of S. Bredeney were higher than the final counts of S. Typhimurium. S. Enteritidis (Fig. 3C ) was more resistant to the disinfection of NaOCl (800 mg kg -1 ) on polyethylene, once reduction rates were smaller (2.7 log cm -2 )
than the reduction rates of the other serovars (3.1 log cm -2 for S. Bredeney and 3.7 log cm -2 for S. Typhimurium).
The survival of the three Salmonella serovars after the treatment with different concentrations of Quat is presented in Fig. 4 and Table 3 . Overall, the microorganisms presented higher numbers of survivors on polyethylene treated with biocides than on stainless steel. When adhered to polyethylene, the serovars S.
Typhimurium (Fig. 4B ) and S. Enteritidis (Fig. 4C) were more resistant to Quat (P<0.05) than S. Bredeney (Fig 4A) In the present study, polyethylene was shown to be more hydrophobic than stainless steel, once the drops in contact with polyethylene surface presented higher inclination angles.
Hydrophobic materials are reported as surfaces that provide a greater bacterial adherence (6, 15) . The greater hydrophobicity of polyethylene compared to stainless steel can be an explanation to the higher counts of adhered Salmonella cells on polyethylene as observed in our results.
Through the scanning electron microscopy, some irregularities in the stainless steel topography could be observed. Using the same method of microscopy, Barnes et al. were similar. It is important to note that these NaOCl concentrations are the ones generally recommended in Brazil for disinfection of food contact surfaces and cleaning cloths used in food preparation. Based on our results, more than 3 log cfu cm -2 of the Salmonella serovar tested remained viable after disinfection of the surfaces. In addition, smaller reduction rates were observed for S. Enteritidis SE86, a strain frequently involved in salmonellosis is RS.
Sinde and Carbalo (27) observed that Quat was very efficient against Salmonella sp., but the bacterial reduction was also dependent on the properties of the material studied. In our work, all serovars showed a high resistance to Quat specially when adhered to polyethylene. It was mainly noted for S. Typhimurium samples were resistant to both concentrations after 5 min of exposure, but no resistant samples were found after 15 min.
In conclusion, the three serovars of Salmonella presented an important capacity of adhesion to stainless steel and to polyethylene, even in a short period of time. The sanitizers PAA, NaOCl and Quat did not inactivate all the cells adhered Salmonella on steel and polyethylene to both materials, and polyethylene surfaces presented to be more difficult to disinfect than stainless steel. In some of the conditions evaluated, S. Enteritidis SE86 was more resistant than the other strains tested, especially to NaOCl and Quat.
This resistance could explain the frequent involvement of S.
Enteritidis SE86 in a great number of foodborne salmonellosis occurred in Southern Brazil.
